Diabetes mellitus is an enormous health burden on developed and developing nations. Eight percent of people in the United States are stated to have diabetes mellitus and 79 million people have impaired glucose tolerance. Sudden death from diabetic ketoacidosis (DKA) is common and nonalcoholic fatty liver disease (NAFLD) is a frequent finding in patients with diabetes mellitus and impaired glucose tolerance. Diabetic ketoacidosis accounts for around 1% of autopsy cases in our units and 25% of these cases did not have a previous diagnosis of diabetes mellitus. We have analyzed for the presence of NAFLD in 16 patients dying on first presentation of DKA. Some degree of NAFLD was present in all cases, with all but one case having some degree of steatosis and some degree of fibrosis was present in 14 out of 16 cases, though none where cirrhotic. Inflammation was present in nine of 13 cases and glyogenated nuclei in five of 13 cases. NAFLD can be well established in patients dying of DKA who were not known to be diabetic before death. The pathology shares features with alcoholic liver disease. They should not be mistakenly diagnosed as dying of other causes of ketoacidosis based upon the liver pathology present. Acad Forensic Pathol. 2016 6(2): [271][272][273][274][275][276][277][278][279][280] 
INTRODUCTION
Diabetes mellitus (DM) is a common disorder and a major cause of morbidity and mortality (1) . It is reported that 8% of the U.S. population has DM, with one third reported to be unaware they are diabetic and 1.9 million people are diagnosed with DM each year. It is also reported that 79 million people have impaired glucose tolerance, also known as being prediabetic. Worldwide, it is estimated there are 346 million people with DM, with significant numbers in China and India (1, 2) . Thus, it is a global problem with a significant proportion of people at autopsy having DM or being prediabetic. Diabetes mellitus affects multiple organ systems and is associated with increasing obesity and one complication is nonalcoholic fatty liver disease (NAFLD). The prevalence of NAFLD varies between countries and ethnic groups. Its frequency is as low as 4.5% in non-diabetic Africans and as high as 99% in patients undergoing bariatric surgery. In the U.S. general population its incidence is probably over 25% and in some parts of China it is as high as 51% (3) . Nonalcoholic fatty liver disease represents a spectrum of disorders that have by definition the presence of at least 5% hepatic steatosis (fatty liver) in individuals who consume less than 20 g of ethanol per week. The term nonalcoholic steatohepatitis (NASH) is used to describe a histological subset of NAFLD (4) . NAFLD may show all the changes associated with alcoholic liver disease: steatosis, steatohepatitis, and steatofibrosis, even though the features of steatohepatitis, hepatocyte ballooning, Mallory-Denk bodies, and neutrophilic infiltration are often less prominent than they are in alcohol-related injury (5) . Scoring systems have been developed for histologic examination of NAFLD (6) (7) (8) .
Ketoacidosis is seen in a number of situations, most notably in diabetic and alcoholic ketoacidosis and is a well-recognized immediate cause of death (9) (10) (11) (12) (13) (14) . Without carbohydrates, due to insulin insufficiency or an absent intake, fats become the main energy source. Large quantities of fatty acid become available and are converted to ketone bodies. The ketone bodies acetoacetic acid, β-hydroxybutyrate, and acetone can be measured at autopsy. They provide the basis for the diagnosis of ketoacidosis (15) (16) (17) (18) . Postmortem metab-olism of glucose makes determination of glucose at the time of death problematic. A high blood glucose concentration may represent diabetes mellitus, but may also result from resuscitation. In an analysis of 1000 cases by Coe, there was a peripheral blood glucose concentration above 27.8 mmol/L (500 mg/dL) in 103 nondiabetics with 87 recorded as due to resuscitation (19) . Samples from the right side of the heart and the inferior vena cava will usually have a higher glucose concentration because of glycogenolysis in the liver and diffusion of the glucose into the blood vessels. In the cases of high blood glucose in non-diabetic patients, none had a raised vitreous glucose concentration. Coe found that a vitreous glucose above 11.1 mmol/L (200 mg/dL) (indicated diabetes (19) . Other biochemical tests that can be used to determine diabetes at autopsy include hemoglobin A 1c (HbA 1c ) and fructosamine (20, 21) . In hypothermia, vitreous glucose can be elevated from normal postmortem values, with Coe finding levels of 3.3-10.0 mmol/L (59.4 -180 mg/dL) in over half of cases of hypothermia (19) . Thus the main test of value to diagnose hyperglycemia at autopsy is vitreous glucose. A low vitreous glucose, however, does not indicate antemortem hypoglycemia as glucose concentrations quickly fall postmortem. Occasional cases may be encountered with a low vitreous glucose where HbA 1c is raised, confirming a diagnosis of diabetic ketoacidosis (DKA).
Deaths from DKA can be identified by a history of DM along with the biochemical markers of ketoacidosis, combined with a raised vitreous glucose concentration and/or where there is a raised HbA 1c . It may also be supplemented with pathological findings (e.g., diabetic nephropathy). The Armanni-Ebstein lesion and basal (subnuclear) vacuolation (Image 1) of the renal tubules are useful morphological changes associated with ketoacidosis, but may be seen in alcoholic ketoacidosis, starvation, and hypothermia, as well as DM (22) (23) (24) (25) (26) (27) (28) . Basal (subnuclear) vacuolation (with fat in the vacuoles) has often been called the Armanni-Ebstein lesion of the kidney, though actually Armanni and Ebstein described a different lesion (29) (30) (31) . In 2010 Byard pointed out that a clue to the diagnosis is the macroscopic appearance of the cortex with pallor present (32) . Parai and colleagues have reported the same appearance in the kidney in alcoholic ketoacidosis (28) . 
ORIGINAL ARTICLE
As NAFLD is very common, we have examined the pathology of the liver in persons at autopsy that were shown to have diabetic ketoacidosis and were not previously known to have diabetes mellitus. The cause of death in these cases might be mistaken for other causes of ketoacidosis, particularly alcoholic ketoacidosis, based upon their liver pathology and where postmortem glucose concentrations are not available. vi) Presence of glycogenated nuclei (Image 6), 0 = none to rare, 1 =many. 
METHODS

Cases
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RESULTS
During this period, a total of 9332 autopsies were performed in the study group. In 151 deaths, ketoacidosis was given in the immediate cause of death, which constituted 1.6% of all deaths. Twenty-one of the 151 cases were excluded because ketoacidosis was not the principal cause of death or was excluded because the exact cause of ketoacidosis was not determined. Of the remaining 130 cases, 82 cases were confirmed as cases of diabetic ketoacidosis, representing 0.9% of all deaths; 48 deaths were due to alcoholic ketoacidosis (AKA), which constituted 0.5% of all deaths.
Of the 82 cases of DKA cases, four were excluded because there was insufficient data for further analysis. Twenty of the 78 (25.6 %) DKA deaths did not have a prior history of diabetes mellitus. Thirteen were male and seven, female. The age range of these first presentation patients was 30-68 years, with a mean of 50 years and a median of 51 years. The range of body mass index (BMI) in these cases was available in 19 cases and was 16-40.4 kg/m 2 , with a mean of 26.6 kg/ m 2 and median of 25.4 kg/m 2 . A history of ethanol use was present in seven cases.
Eighteen cases from Toronto were analyzed for liver pathology. Two cases could not be scored at all because 
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of decompositional changes. Three cases could only be assessed for steatosis and fibrosis but not for inflammation or the presence or absence of glycogenated nuclei. The results are shown in Table 1 . Microscopic examination identified some degree of steatosis in all but one case and was grade 2/3 for degree in seven of 16 cases and grade 2/3 for location in 12 of 16 cases. Fibrosis was present in 14 of 16 cases and was grade 2/3 in ten of 16 cases. None of the cases were cirrhotic. Portal and/or lobular inflammation was present nine of 13 cases. Glyogenated nuclei were seen in five of 13 cases.
DISCUSSION
Ketoacidosis constituted 1.6% of cases in our autopsy practice, with nearly 1% being cases of diabetic ketoacidosis. In a study from Maryland examining deaths from diabetic ketoacidosis, DKA deaths constituted just over 1.5% of all autopsies performed (13) . The first presentation of diabetes mellitus as fatal ketoacidosis has been recognized in previous studies. In this study it constituted approximately 25% of all cases of DKA (20 of 78 cases). In the study from Maryland, 
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nearly 35% of cases of DKA were not known to be diabetic (13) . In a study of 42 deaths from North Carolina, six cases did not have a previous diagnosis of diabetes (14%), with five being cases of DKA and one case hyperosmolar nonketotic coma (9) .
The mean age of previously undiagnosed diabetics in our study was 50 years with a median of 51 years and a range of 30-68 years. In the Maryland study, the mean for previously diagnosed diabetics was 40.8 years (range 10-74), with undiagnosed diabetics having a mean age of 42.6 years (range14-70) and a median age of 43.5 years. Death during the first presentation of diabetic ketoacidosis forms a significant proportion of ketoacidosis deaths.
CONCLUSION
The prevalence of NAFLD is high in many different populations in many countries around the world and is associated with risk factors such as obesity, diabetes mellitus, and dyslipidemia (3). Advanced fibrosis is 
ORIGINAL ARTICLE
the most significant predictor of mortality in NAFLD (33) . This study has shown that significant degrees of nonalcoholic fatty liver disease are already present in a high proportion of these patients dying on first presentation of diabetes mellitus, with significant degrees of fibrosis already established. These patients were generally not obese and had a median BMI of 25.4 kg/ m 2 . The presence of fatty liver disease with fibrosis cannot be assumed to be related to excess alcohol consumption at autopsy in people dying of ketoacidosis.
